Abstract
; COPD: 14±6 mM.min -1 ) in the calf were not significantly different between controls 37 and patients with COPD (P>0.05). The PCr resynthesis time constant (Controls:46±20 s;
Introduction

46
Exercise intolerance is a frequent complaint, and an important predictor of mortality (55), in 47 patients with COPD. This attenuated exercise capacity, perhaps initiated by a COPD-driven 48 downregulation of oxidative capacity in skeletal muscle (49) can be so debilitating that patients 49 progressively become unable to perform activities of daily living. Interestingly, this downward 50 spiral appears to be aggravated by a prolonged recovery of functional capacity following 51 exercise (48). For instance, after performing a knee-extension exercise to the point of exhaustion, 52 both post-exercise maximum voluntary contraction and electrically evoked quadriceps twitch 53 force were significantly depressed in patients with COPD compared to healthy controls, and 54 remained so even following ~1h of rest (41). As daily life is characterized by repetitive activities, 55 this delayed recovery is likely an important contributor to the poor exercise tolerance, the 56 dimished physical activity, and, ultimately, the loss of mobility experienced by patients with 57 COPD. Therefore, elucidating the prevailing physiological determinants of impaired muscle 58 recovery from exercise in this population is an important and clinically relevant endeavor.
59
Immediately after exercise, the rate of skeletal muscle recovery is influenced by 60 mechanisms intrinsic to contractile function (e.g. Ca handling have yet to be investigated as, currently, the effects of COPD on the 63 contractile apparatus during exercise are still unclear in humans (9, 37) . In contrast, a prolonged 64 recovery of the muscle energy stores (i.e. phosphocreatine [PCr] ) and pH after exercise has the adequacy of post-exercise O 2 supply to the skeletal muscle in patients with COPD are 69 relatively scarce and conflicting. For instance, the pulmonary O 2 consumption (VO 2 ) time 70 constant at the offset of a cycling exercise has been correlated with microvascular reoxygenation 71 kinetics measured by near-infrared spectroscopy in the quadriceps of patients with COPD Erlangen, Germany) to assess metabolism, and repeated on a separate day in the laboratory to 112 assess limb and capillary blood flow as well as microvascular oxygenation using Doppler 113 ultrasound imaging and NIRS, respectively. Specifically, the exercise protocol entailed 1 min of 114 rest, 4 min of the constant-load sub-maximal plantar flexion, followed by 5 min of recovery.
115
Prior to initiation of the hemodynamics protocol, blood samples were collected to assess blood 116 lipids, fasting glucose, metabolism, and to perform a complete blood cell count. All experimental trials were performed by the participants in a thermoneutral environment following an overnight 118 fast, having refrained from any physical activity and smoking for 12 hours. However, although still somewhat contentious (14), the signal is usually considered to be derived The estimated capillary blood flow response following the offset of exercise was 161 calculated from a modified version of the method proposed by Ferreira et al. (12, 18) 
166
CaO 2 -CvO 2 )(30), and based upon the Fick equation, the temporal characteristics of capillary 167 blood flow were estimated using the PCr resynthesis rate to HHb ratio. relaxed (TR = 30 s) and partially relaxed spectra (TR = 2s). production is exclusively aerobic, and lactate production is considered negligible:
To improve precision, we use a modified version of this calculation (29) ; P > 0.05).
280
However, the mean response time at the offset of exercise was significantly prolonged in patients
281
with COPD (Controls: ~61 s; COPD: ~127 s). (Figure 1 ; P < 0.05). In contrast, the time constant ; P > 0.05). with COPD are displayed in Figure 4 . were significantly slower in patients with COPD compared to controls (Figure 1) as it provides a sensitive and unique window to examine the regulation of blood flow.
294
Microvascular oxygenation offset kinetics
335
Interestingly, the prolonged recovery dynamics at the macro-circulatory level did not high-intensity exercise, with the potential to compromise exercise capacity and recovery.
374
Matching of peripheral O 2 supply and utilization in the leg of patients with COPD
375
An important finding of this study was that convective O 2 delivery to the plantar flexor 376 muscles appeared to be preserved at the offset of exercise in patients with COPD, and appeared 377 to match muscle metabolic demand (Figure 2 ). In addition, as illustrated in Figure 3 likely caused, indirectly, by abnormal respiratory-mechanics and gas exchange (5, 13, 66, 72).
405
Metabolic recovery and mitochondrial function in the skeletal muscle of patients with COPD
406
Confirming the results from previous work by our group (37), but with a larger sample 407 size, this study has documented that the PCr recovery time constant and the peak rate of clearance. In the current study, for a given metabolic state and pH ( saturation (30, 44-46, 63, 74) . In addition, it has previously been documented that the Mb content 460 in the skeletal muscle of patients with COPD was not significantly different from controls (59) . 
